ds
1
tre
S

tor

tec

icle de

r

pa

on

Iew

erv

Ov

””0/},

ofoool/bw/ n
| m—
c II m’”a//,, tl 0
i 16C
’ de

’(:&Q\




VAW AT

S e

)
)
C
O
£
A -
D
O
x
O
O
O)
\ -
©
\ -
O
Y

1Ze

Large s

(General Trends

i




General Trends: miniaturising for novel performance

Top Cu
\’

Polyimide —

Resistive film (p)
——

Pre-preg —

Strips/Pads —




Scintillating Materials: Quantum Dots

—nergy band gap (E.) varies with guantum dot size

Bulk semiconductor Semiconductor NC

5
1D(e)
S a|
1P(e) 9 | GaN
Conduction o |
band -g, 3 |
1S(e) | N\
= | S
%2 | CTe Qs
E (NC a0,
Energy gap | E, (bulk) ,(NC) |§ : PoTe InP
. — | | PbS InAs
Plastic Scintillators o |
; o —




Scintillating Materials: Perov

ABX .
Erv—— 3 Crystals with tunable opto-
TN e Wy electronics performance” that can be

| M‘m B (O A (organic cation, Cs*) L . . )
: s s o B (Pb2* Sn2* used In tiles, films, liquids
b CsPb(ClIBr), _ CsPb(I/Br), _ O XEI- Cl'- Br)' )
el s G - They can be used as scintillating materials

\ | CH;NHPbl,, ...

Or in the solar cells...
Or, they can be polarised to be used as photo-diodes

Norm. PL
-y

, x10° Sample1 (incapsulato) (25/10) Graph
460 '4ov | | | | | | | >0.01 :
Wavelength (nm) o | E— - Reverse Bias
gl 70V 0.008|— B0V
d ooy : : 90 V
QY=50-90% ° | | ——100v
: T,.=1-29 ns 4
=,
<
N
el
e o 2}
< * ! 4l
" CsPbBr, | EF
n Z[ -6
CsPb(Br/Cl),| | N I |
-1 08 06 -04 -02 0 02 04 06 08 1 ‘ .
3 Time (s) «10°® le)
CsPbCl,| ¢ . o . . o o
. e N . ] PEROV team (Chiara & Silvio) is studying the possibility of obtaining
300 500 700 0 40 60 , , ,
Wavelength (nm) Time (ns) an internal electric gain
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Scintillating Materials: TOPS project

he SBAI-group, in collaboration with colleagues from Chemistry, are developing and testing of
new fluorophores for the production of fast and easy to manipulate new plastic scintillators

70 MeV

120 MeV

These scintillators can be: Samples Rls<[3 T]lme V}’ldih Time I[(es;)lution
- enriched with hi-Z elements (first test with Er and Bi) =715 S o
to better contain high energy X-rays; EJ-204 2.5 11 211
: 2N 2 12 81
- Incorporated in 3D printed resin without losing their - ; 3 o7
poroperties; IN 3 17 102
2B 2.5 14 110

B _.
[ [ [ I I I

3.5 4
time [ns]

g
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

35
tm[]

—xcellent tlme resoluhon




Scintillating Materials: Dual Emission for dual readout

oogyoo.oOooooobo
:poooo.oooonoooo
oooooooooo.ooooo
oooooococoocpooo
fooooooootooodcn
o@ooocoquOCOQQo
oo...oooooidotoo
...'.....'Q.Q j

Scintillation fibers

nadronic calorimeter

With a single “mixing”
parameter

for “spontaneously” compensated [ —

)(’:::

1 — (h/e)s

Cherenkov fibers

Different fibers for different signals q _ XC

300]_IIIIIIIIIlIIIIIIIII

1 — (h/e)c

R -l; -
= 2

XY
e

Phase-l| Phase-lll

The Cherenkov (SiO2) and scint

lation (S102:Ce3+)

ight coexist in a single fiber a

Nd can be “tuned.”

Signal at 2deg

Q-Template + S-Fit 25

Sci

2503— )0

- 20
200 -

i _ 15
150_— — -

100 —

fight, S-Fit g-" ’IEBIZC)

Signal at 180deg

Q-Template + S-Fit

Scint. light, S-Fit

Qo=
SEP -
;f- Q-Template

20 40 60 80 100 120 140 160 180 20 40 60

Time, ns

80 100 120 140 160 180
Time, ns
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Micro Pattern Gaseous Detectors

Micromeaas Bulk Micro bulk  InGrid New readout approach: optical

f E==——"""20 Standard micromegas
— HV1

] / —_— N s Atmospheric pressure Optical TPC High Pressure TPC
3 ' AR
8 Drift gap / 0 WViom ,CX,G.‘“NQ . R t h di Tl | dark it i I '
. oot f’ A . Experiment are event searches, directional dark matter Towards a neutrino-nucleus cross section experiments
----- icromesh = = = =« v e e flonpeof SRS \ . _ . o
Anodepiane omp  || 16 rosss S Triple GEM with CMOS + PMT/SiPM readout requiring Stitched optical readout (4

low radioactivity background CCD cameras) + electronic

signals from meshes used

WIMP  Targec Nucleus WiMP , SRR for amplification
from plicuc halo inlaboratory  pyoci collision ;-:n Ao ’q
.................. 2\
- "
: v=220kmis  v~0 km/s 6r )
!/.; 1 m3 high pressure

i

A. Deisting, HPTPC, https://arxiv.org/pdf/2102.06643 pdf

TPC (up to 5 bar)

GEM GLASS GEM uPIC

D. Pinci et al., CYGNO: Triple-GEM Optical Readout for Directional Dark Matter Search, MPGD 2019

- & 5 o

- & 5 &

- & e &

optical+electronic readout electroluminescent amplification

Migdal In Galactic Dark mAtter expLoration

/ / https://indico.cern.ch/event/757322/contributions/3396494/attachments/1841021/3018431/Cygno MPGD19.pdf
e y
E o Low-pressure TPC with t High Pressure Xe gas TPC with
| o W | MIGDAL nex

Cathode

z
g

_ j 3 7 7 g2t _ . =] | — Gate— 78 Neutrinoless double beta deca
T W Migdal effect search in low-pressure =J- . i | g 136 Y
. ol 1 |2 searches in 136Xe
CF4 for DM searches in £, 1a
uRWELL = e .
N . , s =], " = s for energy measurement & t
{ 3 A smuaedvigiaievent | CMOS + electronic readout of «—< el — E o ; :
Cathode Plane SN Lo in 80 Tor CF  using. . &= 1 |¢ from S1, SiPM-based tracking plane
o Compr 18y~ o DEGRAD, SKiM an transparent strip anode =] - - : :
P | =] ELregion —+: B recording electroluminescence
5) t E’ me-mm—n': i | ”l
e PRI NDT
MHSP Top Cabiia b - - P. Majewski, RD51 Mini-Week 2020, https://indico.cern.ch/event/872501/contributions/3730586/attachments/ https://next ific uv es/next/experiment/detector html a
1 | | ¥ - / [ 1985262/3307758/RD51 mini week Pawel Majewski ver? pdf L. Arazi, Status of the NEXT project, https://doi.org/10.1016/j.nima.2019.04.080 10
ey e () /Angte stip
MSregion Holeregion | E [ MPGD CONFERENCES (Crete, Kobe, Zaragoza, Trieste,
TS Philadelphia, La Rochelle, next ones: Weizmann, USTC )
1 1 1 | 1 1 1

In the last 30 years, large number of different
structures and material studied; ' 4 P\

Romal is an active component of RD51 i | k jﬂD CT Neutron imaging
Micr@SIQE s X-ray §o1rce M (with B-10 converter)

collaboration;



MPGD: Optical readout

E =0kV/cm E =16 kV/cm

Increase the light signal by accelerating
electrons In gas after the multiplication

BElectrons

) . \ 41 \\‘

Gain demonstrated in atmospheric
pressure He/CF4/SF6

3 x 104 He:CF, Thick GEM - Indication of
90 y ATMOSPHERIC
- | Constant 23.06 3.364 PRESSURE
80 :_ Slope  0.02418 0.003007 operution with
- Constant 23.52 7.862 srb (Illd 'I‘i‘k
70— Slope  0.02029 0.005819 GEM
- ) ————
sof- 600:150 Torr
- 525:225 Torr
50 :_ Constant 4.678 1.606
- Slope 0.005172 0.001002
40 ;— Slope 0.01693 0.001978 f
4 30
1x 10730 / 450:200 Torr
] 20}
equivalent @
char -
g el s 600:150:2.5 Torr
1000

1100 1200 1300 1400 1500 1600 1700

GEM HV [V]

E. Baracchini et al., CYGNO INITIUM, ERC No 818744

\
\t \ g
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‘\ L \Wa
£ i i ‘ (7
9 ¥ 2 N
R g 4 N 3 4
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R . e

KRz T
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6
GEM 5
49 a
Electric £ ‘
field , .
TPanSpa,Pent 1 AAAA 4 A A A A A A a4 A a & & -
anode )
-20.0 -15.0 -10.0 -5.0 0.0 5.0 10.0 15.0 20.0
NI Optical TPC Electric field (kV/cm)

@ Electron drift 103,

i HE-40%CF,+CH, MIXTURES
Addition of CHg4 S
increases optical ¢ s a &

wwcis-mom  SigNAl strength N

. - A 4 A
and provides very A A a A
light targets for 3 sk s s
low mass DM . D
N searches » ’ )
150 Torr CF, + 5.9 Torr CS,, 0 ~ 150 um 280 60 = s 60 =80 660

D. Loomba, UNM Voltage across the GEM



MPGD: Optical readout

Qlmaging Retiga R6, Thorlabs 8 MP
Scientific CCD Cameras

CCD cameras

Moderate QE, higher read noise
Low rate (=xtens Hz)

Exemplary specifications

« 6 MP sensor (2688 x 2200)

o 4.54x4.54um? pixels size

« 0./ e-read noise

sCMOS cameras

Low read noise

~100 Hz frame rate
Exemplary specifications
5.3 MP sensor (2304 x 2304)
 6.5x6.5um?2 pixels size
0.7 e-read noise

Hamamatsu ImageEM X2, ams

technologies 1IXon

EMCCD cameras

Limited resolution

Internal gain, very high sensitivity

Exemplary specifications

« 1 MP sensor (1024x1024)
 Tlbx16um? pixels size

e <1 e-readnoise

Sequence of Images displaying alpha track segments in gaseous

TPC recorded at 700 kHz.
At = A/

0.0pus 1.4pus

Phantom v2512

* 1 megapixel CMOS sensor
e 25 kfps at 1280 x 800

* 1 Mfps at 128x32

* Higher read noise

2.8 s 4.2 us S5.0us

4 K2 'l

Linearly Graded Silicon
Photomultipliers (LG-SiPMs)

900

800 R
700 —Cy

600

£ 500

2

3 400
300
200

100

0 [R——Y

0 2 4 6 8 10

Time [us]

A. Gola et al 2020 JINST 15 P12017
https://doi.org/10.1088/1748-0221/15/12/P12017

e Current split in four outputs to
calculate x and y coordinates from
current signals

e Position resolution down to order
of size of microcells (30um)

. 10

* Fast response time of tens of ns

—~



MPGD: GEMPix

GEM + Timepix ASIC

* Four naked Timepix read out with FPGA-based
FITPix

* Dose distribution imaging, beam profile
measurements for hadron therapy and micro
dosimetry are potential applications

* Limited in area (2.8 x 2.8 cm) by Timepix
ASICs -> tiling with Timepix4 feasible

,l - - o - “J
rel. dose (%) depth dmimy 120 3 0
05 10 20 30 4 50 & 70 80 % 100 0
!

3D dose distribution profile

LaGEMPIx: optical photo detectors (Organic Photo-Diodes) on top
of TFT sensitive to scintillation light with 120 um2 pixels

T~
e SR e = S o"c\\.\_\. o
e < R

35 keV X-rays mask tomography 11



MPGD: GridPix

r Nt — R Micromegas on Timepix ASIC
<
s P 2 « Bump-bond pads used for charge collection
> -k . CMOS-ASIC designed by the Medipix
o _"©® neaty i
2 o collaboration
.  GridPix based on Timepix 3:

e 256 x 256 pixels with 55 x 55 um?2 per pixel
 Charge (ToTl) and time (ToA) information with

1.56ns time resolution

Il

l”l
l
||“J|

Mag= 250X  Signal A = SE2 @ Stageat T = 50.0° Fraunhofer IZM

WD =143 mm EHT = 10.00 kV Chamber = 6.14e-004 Pa

Francesco Renga is studying this device to
readout a TCP for a possible application to the
study of the electric dipole moment of

the muon

12



Digital SIPM and readout  — i

—ach SPAD is connected to its own ' n
readout chain up to discrimination: One photon event Two photon event Two photon event

: . (simultaneous) (5 ns apart)
integrated photon counting mode ) = .

Digital Silicon Photomultiplier Detector

Fast Out
(2 mV/photon)

V. A
1as bias
Zg Z% Detector + Readout
Cell Cell
Electronics Electronics /AS“:
C I
':L Recharge':L »— =
. Trngger O
‘ . Network [| TPC I—> -Time 5%
O35
| Photon Energy 2SS
Counter " E
)

Noisy cells can individually be switched off

180{“ | | | | | |

Time difference - | SIPM readout
with a 22Na source ] with industrial

shows a 50 ps ChIPS fOr SPACE .. e crmmeres vt s
time resolution

a ‘V | iy
1, 2 0 ps ;F W H M Silicon Photomultiplier Device
1 ]
Maria Maddalena Calabretta,” Laura Montali,” Antonia Lopreside, Fabio Fragapane,
4‘ h’ o u Francesco lacoangeli, Aldo Roda, Valerio Bocei, Marcello D'Elia,* and Elisa Michelini*
| ] Cite This: Angd Chem 2021, 91 73887390 I:Innannlm
o

<——A-‘l)‘

: 1 luminescence
) nescence o) Il
OB o0 8o w0 1m0 SPPICAONS T ] et

Time difference (ps) 3 a _5 S



Other Micro Patterns: Carbon nano-structures

DM Wind — \

recoil electron

cathode

1cm

Yy Y Y Y Y YYYYYYYY

Aligned
CNTs
Silicon APD

vacuum

N
]
N
P pa N - ; ) '
1A AN [ . A , 4
Wl ) m 5 S o . : d . o : - ”
(RN I’ C 824 1 X Gt T " ' . - - » it in) 1 et ot - L—
\\:\s:;-:,f‘ R e 13 O R T . « FPAG G0 d L T bl el B D it L e Lo . g Ll R ."-‘,‘}(‘f.“f‘i g’f“: "?“:, ‘=<")3ﬁw
AN . o _L,‘ . Las BOMS e 4 o et s e : INETS, T . » z\ ‘. oy * '\. e Adrd - ,\ S NI - Ve ,‘nl' AN SN N sac 42 o < A e T e
= § S acale SO ISR N TS R SR W By T e e o o O o o o L AR L it bl ¥ T apeeN PRt a4 Y e N
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Aligned Nanotube Detector for Research On MeV Darkmatter




Reduce, re-use, re-cycle

FF h
rdbn gt
|| F/ (""F F/' S‘\F
F H . |
R134a R14
(C2H2F4) (CFa) SFe
GWP 1430 GWP 5700 GWP 23900

\ ..,.v"Not in industry / \
¥ (tried by CSC)

H .
| e
F \C//C \C 7 F
| ;2\ Hydro-Fluoro-Olefin (HFO) e
H F F C=C double bond ﬁ‘
HFO-1234ze fluorine-containing 3M™ Novec™ 5110 3M™ Novec™ 4710
(C3H oF 4) hydrogen-containing (C Fac(O)C F(CFS)Z) ((CF3)2 CFCN)
GWP 6 GWP <1 GWP 2100
________________________________________________ +30% Average variation from Runi1 to Run2
) 50000 Development
8 M Run 1 B L3t M Run?2 W LS2
G T4 10 e Lo
o
> Gas
S 25000 M B 2 Gas  @EEW Recuperation ... Gas
c Recirculation Up to 45% - i
5 ond o R Recirculation Gas Recirculation
k%) Up to 75% at -20% 10 909% at and recuperation
£ 12500 - onrorrumnz\ TR By ——, D10 A
L] end of Runz end of Run2 / \
©) -30% -50% -55%
L -65% -80%
o o - ]

ATLAS RPC ALICE TOF ALICEMTR CMSRPC CMSCSC TOTEM GEM LHCb MWPC LHCb GEM LHCb RICH1 LHCb RICH2

Thanks to recirculation emission already reduced by > 90%

on not well known

New eco-friendly liguids/gases have been developed for industry
onisation properties In particle detecti
F

A crystal is forever?

BGO crystals recovered from L3 for DREAM
the PADME and FOOT experiments
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Conclusion

Wide spectrum of interests and cutting edges activities (I'm sure | forgot big part of them, sorry);
Crucial is the collaboration with non-particle physicists: solid matter, chemistry

To share competences and knowledges, we should find:
Time

Foresee thematic workshops on experimental and technological challenges (low energy
measurements, low radioactive detectors, high rate environment);

Space
Some of these activities took place at Segre Laboratories;

We have the opportunity to transform it in a functional lab (not a storage place), with services (gas,
grounding, network) with room assigned on demand to active groups.
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Other Spaces: Soratte Bunker

|

I I
BUNKER DEL MONTE SORATTE

SIAZ ON!:
A'T'I'UALE
+410 m,

® [+600m |+

+400m

EMO S.LUCIA

VL

''''''

than 2 orders of magnitude lower than the typlcal flux measured \
“the surface [6,7]. -

Contents lists available at ScienceDirect

Nuclear Inst. and Methods in Physics Research, A

journal homepage: www.elsevier.com/locate/nima

Measurement of the muon flux in the bunker of Monte Soratte with the CRC R)

detector Spdates
A. Candela?, A. Cocco?, N. D’Ambrosio 2, M De Deo?, A. De Iulis¢, M. D’Incecco?,
P. Garcia Ab1a C Gusta ingl" G Gusterviro=vi—vessiTas-6—Peslucc it S P rlatla N. Rossi ?

—_—— S

The total averaged muons flux is @, = 0.3 m™2 s‘1

= _

400 600 800 1000 1200

0,1

0,01

LNGS Unshielded

0,001

‘%%

.. Soratte Shielded = =&zl Lo =t

0 00001

107-102 |ess radioactivity
Lot of available room, interesting for

—R&D

17



